Abstract: The objective of this study was to evaluate the clinical survival of sealants applied in first permanent molars (FPMs) affected by molar-incisor hypomineralization (MIH), at 18 months of follow-up. Forty-one first permanent molars were selected from 21 children, 6-8 years of age. MIH was classified by one calibrated examiner (kappa = 0.80) according to EAPD criteria. The inclusion criteria were fully erupted FPMs with MIH or sound FPMs (without MIH) for which sealant treatment was indicated. The FPMs were assigned to two groups: CG (control group) and HG (MIH group). Both groups were treated with sealant (FluroShield). Clinical follow-up was performed from baseline to 18 months to assess anatomical form, marginal adaptation, retention and presence of caries, according to criteria set by the United States Public Health Service-Modified, and was conducted by a blinded examiner (kappa = 0.80). The actuarial method was used to evaluate the survival of the sealants. The survival rates for the groups were compared using Fisher's exact test (α = 5%). The cumulative survival rates were 81% at 1 month, 68.8% at 6 months, 68.8% at 12 months, and 62.6% at 18 months for CG, and 88% at 1 month, 84% at 6 months, 76% at 12 months, and 72% at 18 months for HG. No significant difference was found between the groups. The sealants in molars affected by MIH presented a survival rate similar to the sealants in the control, suggesting that sealants may be an adequate approach for preventing carious lesions in MIH-affected molars.
Introduction
Molar-incisor hypomineralization (MIH) is a congenital alteration of tooth enamel that affects one or more first permanent molars (FPMs) and often permanent incisors, with varying degrees of severity.
1,2,3
The affected enamel presents demarcated opacities of different colors, which occasionally undergo post-eruptive breakdown because of enamel porosity, 4 leading to results ranging from mild atypical cavities to severe coronary destruction 4, 5, 6 that may require a more in-depth MIH diagnosis and preventive treatment with fluoride and sealants in patients affected by MIH. 6, 7 The studies have suggested that FPMs affected by MIH are more susceptible to dental caries than non-affected Camila Maria Bullio FRAGELLI (a) Juliana Feltrin de SOUZA (b) Diego Girotto BUSSANELI (a) Fabiano JEREMIAS (a) Lourdes dos SANTOS-PINTO (a) Rita de Cássia Loiola CORDEIRO (a) teeth, mainly because of the lower resistance to caries lesion and enamel fracture, which can lead to enamel breakdown. 6, 8, 9, 10, 11 Another fundamental aspect is related to chronic inflammation of FPM pulp affected by MIH. This inflammation is responsible for heightened sensitivity and is directly related to greater innervation of the region under the hypomineralized area. 12 This inflammation may also make it difficult to clean MIH-affected FPMs, contributing to the development of carious lesions. Therefore, patients with MIH should be viewed as having a high risk of caries, requiring preventive treatment as soon as FPMs erupt in their mouth. 6, 7, 13 T he ava i lable t r eat me nt moda l it ie s for MIH-affected FPMs are extensive, including prevention, restoration and even extraction.
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Fissure sealants may be useful to treat FPMs with mild MIH before breakdown occurs, especially when teeth are fully erupted and when moisture control is adequate. 7, 14 Moreover, this type of treatment is particularly suitable when the sealants are regularly monitored, and may be replaced when they fail. 15, 16, 17 However, evidence of the retention and longevity of these sealants for treating MIH-affected FPMs is limited. Kotsanos et al. 17 performed a retrospective analysis and found that fillings and sealants in MIH-affected children had a greater probability of requiring retreatment, compared with the control group. Lygidakis et al. 18 concluded that hypomineralized molars with occlusal opacities seem to have greater retention when 5 th -generation adhesive systems are applied prior to the sealant. However, the present study was not a prospective study.
MIH is prevalent in the population. 19 Considering that MIH-affected FPMs may require more restorative and preventive treatment, studies evaluating the survival rate of these treatments are important for clinical practice. Only scant information is available in the literature about the survival of sealants in hypomineralized enamel. Thus, the aim of the present study was to assess sealant survival in FPMs affected by MIH, and compare the survival rate with sealants applied to sound molars at 18 months of follow-up.
Methodology
This study was conducted according to the Helsinki Declaration. Approval was obtained from the Ethics and Research Committee of the Araraquara Dental School, São Paulo, Brazil (protocol no. 11/09). All of the children's parents/guardians signed an informed consent form.
Study design
The present prospective clinical study performed preventive treatment with sealants in two groups: FPMs affected by MIH (HG group) and FPMs unaffected by MIH (CG group) but having enamel caries lesion or high dental caries risk. The indication for the sealant was evaluated according to the caries risk assessment of the patient and tooth morphology. The sealants were followed up for 18 months.
Subjects
A previous epidemiological study 9 evaluated 1147 children, aged 6-12 years. Of these, 142 were diagnosed with MIH according to the European Academy of Paediatric Dentistry (EAPD) criteria, and found to have a total of 231 first permanent molars needing preventive care. 20 The parents/guardians of these children were invited to participate in the present study (Figure 1 ), and those of 29 children who met the inclusion criteria agreed to participate in the study. Of these 29 children, 21 were followed up for 18 months. Although the sample in the present study was selected from a population-based study, the sample size of 77 molars per group was deemed adequate for detecting significant differences between the groups, considering the probability of the event (failure) and a hazard ratio at a level of significance of 0.05 and power of 0.80. 21 The inclusion criteria were 6-to 8-year-old children born and living in Araraquara, São Paulo, Brazil, and presenting FPMs that were affected or unaffected by MIH, that were fully erupted, and that had enamel caries lesion or were at risk for carious lesions.
The authors selected FPMs presenting occlusal surfaces with sound pits and fissures, which had enamel lesion caries or were at risk for carious lesions, and for which sealant treatment was indicated. The HG group included FPMs with MIH of mild severity that presented white, yellow, and brown opacities, and that showed both mechanical and chemical alteration of the enamel, 4 consequently being at a high risk for carious lesion or breakdown. 6, 7, 9 The exclusion criteria for both groups included FPMs with cavitated carious lesions or fixed orthodontic appliances, FPMs classified as having severe MIH, presenting enamel breakdown, or FPMs with other enamel malformations linked to specific syndromes and/or dental fluorosis. After subject selection, a total of 41 FPMs were included (16 unaffected by MIH and 25 affected by MIH).
Calibration of the examiner for the evaluations
The examiner was calibrated for MIH, based on criteria set by the EAPD 20 and the United States Public Health Service (USPHS)-Modified. 22 The examiner previously assessed 32 clinical photographs of patients from the Pediatric Dentistry Clinic of the Araraquara Dental School, São Paulo, Brazil, and then participated in a discussion on all the indices and codes, with the MIH research team. After the parties reached an agreement, 30 patients with enamel alterations (17 with MIH) were evaluated. After 2 weeks, the patients were reevaluated, and the kappa coefficient was applied to verify agreement between the evaluations. The intraexaminer kappa coefficients for MIH and USPHS-Modified were 0.80 and 0.85, respectively.
Treatment
The 41 FMPs were clinically examined and classified according to the presence of MIH, based on the EAPD (2003), and then divided into two groups by a calibrated examiner: CG (teeth unaffected by MIH) and HG (teeth affected by MIH). Another operator with 10 years of clinical experience performed the preventive procedures at the Periodontics Clinic of São Duraphat® fluoride varnish can be applied with cotton swabs, a brush or a probe. It is recommended that the patient not eat hard foods or brush for at least two hours after the application. Paulo State University. The materials, compositions and manufacturer's instructions are shown in Table 1 . Both the CG and HG groups underwent a standard protocol for sealant treatment. The FPMs initially received pretreatment with four weekly applications of fluoride varnish (Duraphat, Colgate-Palmolive, New York, USA) using an applicator (Microblush, Crafton, USA) with cotton roll isolation at 1-week intervals. 23 The
Follow-up and clinical evaluation
The four clinical exams at 1, 6, 12 and 18 months were performed in a clinical environment, as established by the World Health Organization, 24 under artificial light and after prophylaxis. The sealants were clinically evaluated by a calibrated examiner (kappa = 0.80) according to the USPHS-Modified, 22 which considers the aspects of anatomical form, marginal adaptation, surface texture, marginal discoloration, retention and presence of secondary carious lesions. The sealants were also classified as satisfactory (for Alpha and Bravo scores) or unsatisfactory (for the Charlie score). When the sealant received a Charlie rating based on the USPHS-Modified criteria (Table 2) , the sealant was deemed unsatisfactory. 25 Sealants classified as unsatisfactory were considered a failure, and the treatment was replaced and no longer considered for evaluation in the present study.
Statistical analysis
The data were analyzed using SPSS 16.0 software (Chicago, USA). Associations between the independent variable (group) and the dependent variable (clinical evaluation score) were assessed using Fisher's exact test at a 5% level of significance. The actuarial method and survival curves were used to evaluate the survival of the sealants.
Results
A total of 41 FPMs in 21 children were followed. The mean age was 7 years old (range of 6-8 years), and 52.3% of the sample was male. Table 3 shows the (Table 3) . Breakdowns occurred in three teeth with yellow opacity and four teeth with brown opacity (Figure 2 ). The percentages of sealants that remained unchanged at 18 months were 62% for the CG group and 72% for the HG group (Table 3 , Figure 3 ), thus not representing significantly different results. The teeth that presented more failures were numbers 16 and 26 in both groups (Figure 4) . Two teeth presented caries associated with sealant failure, both occurring in the HG group (Table 4) . No significant differences between 1, 6, 12 and 18 months of follow-up were observed for any of the assessment criteria (Table 4 ).
Discussion
FPMs affected by MIH require preventive care, because there is a high risk of post-eruptive fractures that result from masticatory forces and acidogenic challenges of the oral cavity. 6, 26 Once the fracture occurs, the subsurface enamel and/or dentin is exposed, resulting in sensitivity to cold, heat and brushing, and Where: Censored data was attributed to satisfactory restoration at the 18th month possibly leading to further accumulation of plaque and development of caries. 17, 27 Sealant treatment for MIH may be an effective alternative to preventing caries.
A 9-year follow-up study found that sealants decreased the incidence of occlusal caries by 65.4%, compared with the control group. 28 During the follow-up period of the present study, 13 sealant failures were observed, and only 2 were associated with caries, both occurring in the MIH-affected group (HG). These findings agree with those of previous studies, highlighting the greater risk of developing carious lesions in patients with MIH. 8,10,11, Adhesion is a key factor for the success of sealants when considering hypomineralized enamel that undergoes chemical, mechanical and morphological alterations. 4 These alterations may negatively influence the retention and longevity of the sealant, thus compromising the preventive action of the sealant. The literature on adhesion in hypomineralized enamel is still limited, 25, 29 especially in regard to the use of sealants. Figure 4 . Frequency of unsatisfactory sealants according to the type of tooth in each group after 18 months of follow-up.
In the present study, in addition to finding no significant difference in the frequency of failures between the groups, no difference was found in the scores. Considering the clinical aspects of the USPHS-Modified criteria, the failures in the HG group were frequently associated with retention, secondary caries, marginal adaptation and discoloration, suggesting more difficult adhesion in hypomineralized enamel.
Sealant retention in hypomineralized enamel was also retrospectively evaluated by Lygidakis et al., 18 who reported a retention rate of 79% at 12 months and 47% at 24 months. However, this previous study did not make comparisons with a control group that was unaffected by MIH. Although the difference was not statistically significant, the present study observed a retention rate of 72% in the HG group, and 62% in the CG group after 18 months, suggesting that the use of sealants for FPMs affected by MIH may be a valid preventive measure.
Previous in vitro studies found that hypomineralized enamel presented significantly lower microshear bond strength, compared with sound enamel.
30,31
The enamel-resin adhesive interface has been found to be weaker in MIH-affected FPMs, compared with sound enamel, possibly because of limited interprismatic enamel dissolution, higher porosity, greater organic content and lower microtag formation in affected enamel. 29, 31, 32 One possible explanation for our findings may be that sealant adherence occurred on the surface of the enamel, which may have been remineralized by prior preventive treatments with fluoride varnish. Bullio Fragelli et al. 6 found that preventive treatment with a fluoride varnish favored remineralization and decreased the risk of fractures and carious lesions in MIH-affected FPMs. Furthermore, opacities with yellow-brown coloration are more porous and located throughout the thickness of the enamel, whereas white/yellow defects are less porous. 33 Adhesion of the sealant would be unfavorable in more porous teeth.
The participants in the present study were entered into a preventive program that began with eruption of their FPMs, in an effort to maintain the integrity of the affected enamel. 23 This was possible only because of early diagnosis of MIH. If the diagnosis is performed following post-eruptive fractures, the treatment of these cases may be more difficult, because of the lower adhesion of restorative materials to teeth with hypoplasia and post-eruptive fractures. 17 An effort should be made to detect this condition as soon as eruption of the FPMs begins.
One limitation of the present study was the relatively small sample size. A larger sample may give the results more statistical power to reveal possible differences between groups. Future studies should also include a longer follow-up time.
Conclusion
In conclusion, the 18-month follow-up indicated that the survival of sealants in FPMs affected by MIH is not significantly different from that of FPMs unaffected by MIH, suggesting that applying the sealant may be an effective approach to preventing carious lesions in MIH-affected FPMs. Further research should be performed on sealant application for MIH-affected FPMs, at different stages of eruption, and on the use of different sealant materials. 6 
